Traditional Chinese medicine (TCM) divides fracture treatment into three stages. Many TCM herbs and formulas have been used to treat fractures for thousands of years. However, research regarding the Chinese herbal products (CHPs) that should be used at different periods of treatment is still lacking. This study aims to identify the CHPs that should be used at different periods of treatment as well as confirm the TCM theory of fracture periods medicine. We used prescriptions of TCM outpatients with fracture diagnoses analyzed using the Chang Gung Research Database (CGRD) from 2000 to 2015. According to the number of days between the date of the fracture and the clinic visit date, all patients were assigned to one of three groups. Patients with a date gap of 0-13 days were assigned to the early period group; those with a date gap of 14-82 days were assigned to the middle period group; and those with a date gap of 83-182 days were assigned to the late period group. We observed the average number of herbal formulas prescribed by the TCM doctor at each visit was 2.78, and the average number of single herbs prescribed was 6.47. The top three prescriptions in the early fracture period were Zheng-gu-zi-jin-dang, Shu-jing-huo-xue-tang, and Wu-ling-san. In the middle fracture period, the top three formulas were Zheng-gu-zi-jin-dang, Shu-jing-huo-xue-tang, and Zhi-bai-di-huang-wan. In the late fracture period, the top three formulas were Shu-jing-huo-xue-tang, Gui-lu-er-xian-jiao, and Du-huo-ji-sheng-tang. The main single herbs used in the early fracture period were Yan-hu-suo, Gu-sui-bu, and Dan-shen. From the middle to the late period, the most prescribed single herbs were Xu-duan, Gu-sui-bu, and Yan-hu-suo. We concluded that the results showed that the CGRD utilization pattern roughly meets the TCM theory at different fracture periods.
Introduction
Fracture healing is the tissue repair between fracture ends. Fracture healing is a complex and continuous process that can be divided into three periods: the inflammatory phase, the reparative phase, and the remodeling phase [1] [2] [3] [4] [5] .
The inflammatory phase is dominated by vascular events. A hematoma is formed after fracture, which provides the building blocks for healing. Macrophages, neutrophils, and platelets release several cytokines including tumor necrosis factor alpha (TNF-), interleukin-1 and interleukin-6 (IL-1, -6), bone morphogenetic protein-2 (BMP-2), transforming growth factor beta (TGF-), and platelet-derived growth factor (PDGF). TNF-, IL-1, and IL-6 play a role in initiating the repair cascade when hematoma is formed. PDGF, BMP-2, and TGF-expression increase to initiate callus formation. Those cytokines may be detected as early as 24 hours after injury. Next, reabsorption occurs at the fracture edges, which makes fracture lines radiographically different 5 to 10 days after injury. Hereafter, multipotent cells are transformed into osteoprogenitor cells, which start to form new bone. In the reparative phase, new blood 2 Evidence-Based Complementary and Alternative Medicine vessels induced by vascular endothelial growth factor (VEGF) supply nutrients to the cartilage that forms at the fracture site. New endochondral bone creates a collar around the fractured area by callus formation. Transforming growth factor beta 2, beta 3 (TGF-2, -3), and growth differentiation factors-5 (GDF-5) reach peak due to their involvement in chondrogenesis and endochondral ossification process. The callus is highly cartilaginous in the early reparative phase, but endochondral calcification begins during the remodeling phase. Bone morphogenetic protein-3, protein-4, protein-7 (BMP-3, -4, -7), and BMP-8 rise with osteoclast recruitment and cartilage resorption. Clinical union of the fracture occurs in the late reparative phase. When clinical union occurs, the patient can move the injured limb without significant pain. Clinical union may occur before radiographic union, because the initial callus is cartilaginous, which does not display on radiographic images. Clinical union typically indicates the end of the reparative phase. In the remodeling phase, the endochondral callus becomes ossified completely, and the bone goes through structural remodeling. IL-1 and IL-6 rise again associated with bone remodeling coupled with osteoblast activity. The TGF-family diminished expression when marrow was established. Remodeling speed depends on age. In young children, remodeling occurs quickly; young children remodel their entire skeleton every year. The rate of skeletal remodeling falls to approximately 10 percent per year by late childhood and continues at approximately this level throughout life [6, 7] .
Intervention for promoting fracture healing may use parathyroid hormone (PTH) throughout all phases, antisclerostin or anti-Dickkopf-related protein 1 antibodies in late endochondral phase or bone remodeling phase, and BMP-2 in inflammatory phase [8] .
According to traditional Chinese medicine (TCM) theory, the treatment for fracture includes three different periods. When a fresh bone fracture occurs at early period, the typical symptoms are pain and tissue swelling around the broken bone, which accord with "blood stasis" pattern and "qi stagnation" pattern. The goals of TCM principle are "quickening the blood, transforming stasis, and promoting movement of qi" to relieve pain and reduce swelling. The middle period occurs after the initial symptoms of the fracture improve, including the pain, the blood stasis, and tissue swelling. However, the site of the fracture is still weak and tender because the bone and the sinews have not yet connected. The goal of TCM principle is "to join the bone, soothe the sinews, and harmonize construction of new sinews and bone" in the middle period. The late period is characterized by the fracture initially healing, but not yet solid. At this stage, splint fixation has been lifted, and the immobilization of limbs resulted in atrophy of those muscles near fracture site. The strength and function in the fracture site have not yet been regained, which is in accord with "deficiency in both qi and blood" pattern and "liver-kidney depletion" pattern. The goal of TCM principle is to "supply qi, nourish the blood, enrich the kidney and liver, and strengthen the bone and sinew" for regaining the normal function in the affected area in the late period.
The study of the use of traditional Chinese medicine in patients with fractures in Taiwan showed that the most commonly used formula for patients with fractures was Shujing-huo-xue-tang, and the most commonly used single herb was Gu-sui-bu. The same study also found that the use of traditional Chinese medicine could reduce the number of fractures within six months as well as hospitalization costs [9] .
The purpose of this study was to analyze the medical records of TCM patients with fracture diagnoses in TCM clinics in the Chang Gung Memorial Hospitals in Taipei 
Inclusion Criteria
(1) The date of fracture could be determined by medical record.
(2) The prescribed TCM herbs, such as concentrated medicine, were reimbursed by The National Health Insurance in Taiwan.
(3) There was no missing dosage, frequency, or number of days of TCM medicine.
Exclusion Criteria
(1) The date of fracture could not be determined by medical record.
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According to the medical records of individual cases, a total of 862 people could determine the date of fracture, including 697 patients whose first visit was within 182 days of the date of fracture. The date of the visit minus the date of fracture resulted in the date gap that was used to assign patients to three different fracture periods. According to the TCM theory, we determined that a date gap between 0 and 13 days was assigned to the early period group, which contained 233 people. A date gap between 14 and 83 days was assigned to the middle period group, which contained 494 people. A date gap between 83 and 182 days was assigned to the late period group, which contained 286 people as shown in Figure 1 . 
Results
From the Chang Gung Research Database, we distributed patients diagnosed with fractures on the basis of the inclusion and exclusion criteria into three groups: (1) early period of 0-13 days, (2) middle period of 14-83 days, and (3) late period of 84-182 days (Table 1 ). There was no significant difference between each group with respect to sex (P=0.185), age (P=0.419), or fracture site (P=0.570). We found the mean number of visits in early period (1.39±0.73) to be lower than in the middle period (3.06±2.72) and late period (3.70±3.81).
The average number of herbal formula types prescribed by TCM doctors at each visit was 2.78 and the average number of single herb types was 6.47 (Table 1) . We analyzed the Chinese herbal formulas prescribed by TCM doctors in each group. The most common herbal formula in the early period was Zheng-gu-zi-jin-dang (46.3%), followed by Shu-jinghuo-xue-tang (23.5%), Wu-ling-san (19.8%), and Shen-tongzhu-yu-tang (13.9%). An additional analysis determined an average daily dose of the top eight formulas in the early period group of approximately 4.2 g to 6.4 g. The most common single herb prescribed in the early period was Yanhu-suo (51.2%), followed by Gu-sui-bu (33.6%) and Dan-shen (30.9%). The average daily dose of the top eight single herbs was 0.8 to 1.9 g ( Table 2 ). The most commonly prescribed formula in the middle period was Zheng-gu-zi-jin-dang (26.6%), followed by Shujing-huo-xue-tang (21.5%), Zhi-bai-di-huang-wan (17.2%), and Xue-fu-zhu-yu-tang (12.9%). The average daily dose of the top eight formulas in the middle period group was approximately 3.0 g to 5.2 g. The most common single herb in middle period was Xu-duan (53.0%), followed by Gu-suibu (50.6%) and Yan-hu-suo (47.2%). The average daily dose of the top eight single herbs was 0.8 g to 1.4 g ( Table 3 ).
The most common formula in the late period was Shu-jing-huo-xue-tang (21.7%), followed by Gui-lu-er-xianjiao (15.5%), Du-huo-ji-sheng-tang (12.9%), and Zhi-bai-dihuang-wan (12.7%). The average daily dose of the top eight formulas in the late period group was approximately 3.1 g to 6.0 g. The most common single herb in the late period was Xu-duan (45.3%), followed by Gu-sui-bu(39.1%) and Yan-husuo (37.0%). The average daily dose of the top eight single herbs was 0.8 g to 1.5 g (Table 4) .
We summarized TCM indication of the common herbal formulas and single herbs in Table 5 and the ingredient herbs of herbal formulas and single herbs with scientific name mentioned in the study were listed in Table 6 . 
Discussion
We determined that the average number of herb types used as medical treatment for fracture outpatients was 6.47 single herbs and 2.78 formulas ( Table 1 ). The results showed that multiple TCM formulas and herbs were used to treat fracture outpatients in the Chang Gung Memorial Hospital. The use of multiple formulas may be due to traditional Chinese medicines used by TCM doctors in Taiwan being concentrated herbal extracts. Each formula is made into a concentrated powder that is easy to mix with other formulas and easy to package. The use of high-frequency formulas and herbs might be the basis of fracture treatment, and the remaining herbs could be chosen according to the patient's condition.
From the early to the middle period, the two most common formulas were Zheng-gu-zi-jin-dang and Shu-jinghuo-xue-tang. Zheng-gu-zi-jin-dang was most commonly used in fractures where injuries were due to knocks and falls, sinew damage, or bone fracture. The possible pharmacological mechanisms are antimicrobial [10] and gastroprotective effects [11] .
Shu-jing-huo-xue-tang was prescribed for rheumatism and venous stasis, but it was also used as a formula for general bone pain and for patients with fractures. It could reduce pain and blood stasis and played a role in antiapoptosis [12] and neuroprotection [13] . The above two formulas occupied a high proportion of the treatments for each fracture period and could be used as the basis of fracture treatment and combined with other formulas. Zheng-gu-zi-jin-dang was prescribed for nearly half of the patients in the early period, showing that the tendency of doctors to use Zheng-gu-zi-jindang is consistent in the early stage of fractures. It is presumed that the patients suffered from severe bruising and pain due to fractures in the early stage, so drugs were used to relieve blood stasis and pain. The use of Zheng-gu-zi-jin-dang is consistent with the principle of traditional Chinese medicine theory of fracture treatment. More than one-fifth of the patients in each 6 Evidence-Based Complementary and Alternative Medicine Table 6 : The ingredient herbs contained in the common herbal formulas treating bone fracture.
Herbal formulas (number of herbs)
Ingredient herbs stage were prescribed Shu-jing-huo-xue-tang; in traditional Chinese medicine, it is often used in pain diseases such as arthritis. It is deduced that a high proportion of patients use Shu-jing-huo-xue-tang for fractures as a drug to control pain and to be used as a base with other prescriptions.
In addition, in the early fracture period, other common formulas are used for blood-quickening, stasis-transforming, and pain relief, such as Si-wu-Tang, Shen-tong-zhu-yu-tang, and Xue-fu-zhu-yu-tang. For the initial swelling of the fracture, formulas, such as Wu-ling-san, are used to disinhibit Evidence-Based Complementary and Alternative Medicine 7 water and disperse swelling by increasing urinary output [14] . The pharmacological mechanisms of Xue-fu-zhu-yu-tang are due to its proangiogenic [15] and neuroprotective effects [13] . The results could be consistent with the TCM theory of "quickening the blood and transform stasis and promoting movement of qi" in the early fracture period.
In middle fracture period, formulas similar to the formulas used in the early period were used, with the exception of Dang-gui-nian-tong-tang and Shao-yao-gan-caotang. Dang-gui-nian-tong-tang has commonly been used to treat swelling and tenderness of joints [16] . Shao-yao-gancao-tang was used for reducing limb or abdomen pain. The possible pharmacological mechanism is anti-inflammation [17] . According to the results, treatment in the middle period met the TCM goal of "joining the bone, soothing the sinews, and harmonizing construction of new sinews and bone".
In the late fracture period, we found that Gui-lu-er-xianjiao and Du-huo-ji-sheng-tang were used to supplement liver and bone. Gui-lu-er-xian-jiao contained BMP-4 which could promote the growth of bone [18] and supply kidney yin and yang. Du-huo-ji-sheng-tang could delay the aging process [19] and decrease the severity of inflammation [20] . The results could meet the TCM goals to "supplement qi, nourish the blood, enrich the kidney and liver, and strengthen the bone and sinew" in the late period.
The results demonstrated that different fracture periods used different single herbs. The most common single herb in the early period was Yan-hu-suo, which was prescribed for more than 50% of outpatients. Yan-hu-suo's medical effects are quickening the blood and moving qi, and it also plays a role in anti-inflammation and pain relief [21] and reduced tissue swelling. Gu-sui-bu's medical effects are quickening the blood, strengthening sinew and bone, supporting the kidneys, and promoting osteoclast proliferation [22] . Danshen's medical effects are quickening the blood, transforming stasis, and perhaps accelerating early-stage fracture healing [23] . The above three single herbs corresponded with the treatment principle of dispersed stasis and reduced swelling in the early fracture period.
From the middle to late fracture periods, the top three single herbs were Xu-duan, Gu-sui-bu, and Yan-hu-suo. Xuduan and Gu-sui-bu showed a similar prescribed proportion of outpatients. It could be concluded that the doctor prescribing two single herbs at the same time was quite common. Yan-hu-suo was also prescribed a lot in the middle and late fracture periods, and its medical effects were moving qi and relieving pain.
In the other single herbs used regularly in the early and middle fracture periods, we could see a variety of bloodquickening, stasis-transforming herbs, such as Chuan-niuxi, Hu-zhang, Chi-shao, and Dan-shen. This showed that, in the early and middle fracture periods, injured tissue was still in a state of stasis and swollen, and it was necessary to promote blood circulation and harmonize construction with blood-quickening, stasis-transforming single herbs of which there were a variety from which to choose. Clinical doctors prescribed herbs similar to those used to strengthen sinew and bones, such as Xu-duan and Gu-sui-bu. According to the different patients' conditions, the doctors choose other herbs, such as blood-quickening stasis-transforming herbs, so that the average number of single herbs prescribed by the doctor reached 6.47 per person.
In previous studies based on the National Health Insurance Research Database (NHIRD) Liao et al. showed the top ten commonly prescribed formulas for treating fractures were Shu-jing-huo-xue-tang, Zheng-gu-zi-jindang, Shao-yao-gan-cao-tang, Xue-fu-zhu-yu-tang, Danggui-nian-tong-tang, Du-huo-ji-sheng-tang, Zuo-gui-wan, Shen-tong-zhu-yu-tang, Liu-wei-di-huang-wan, and Fuyuan-huo-xue-tang [9] . Seven formulas and five single herbs of the study also appeared in this study, confirming that the Chang Gung Research Database is highly correlated with the Taiwan Health Insurance Research Database (NHIRD) [24] . In both studies, similar results showed that the daily usage of formulas was greater than the daily usage of single herbs. Therefore, TCM doctors in Taiwan mainly use formulas and use single herbs as auxiliary. However, the previous study did not mention that prescriptions might be altered with a different period of fracture. This study was based on the statistics of patients of TCM department in CGMH within half a year after the fracture, which excluded most of the patients who have been healed and continue to receive TCM treatment. The medical records of the fracture diagnosis code recorded by the TCM doctor can confirm that the patient is fractured and the relevant drugs have been prescribed. In the results, we found that the top three formulas of each fracture stage account for 12.9% ∼ 46.3%, and the top three single herbs are 30.9% ∼ 53% higher than the previous studies, indicating that these drugs are more commonly used for the treatment of fractures by doctors in CGMH TCM comparing to the other doctors in TCM in Taiwan.
On the other hand, Gui-lu-er-xian-jiao was listed in the top three commonly used formulas for treating late period fracture in the CGMH Chinese medicine department but was absent in Dr. Liao's study [9] . The main reason might be that the usage rate of Gui-lu-er-xian-jiao in other hospitals or health facilities in Taiwan was lower than in the CGMH Chinese medicine department. In both studies, Gu-sui-bu, Xu-duan, and Yan-hu-suo were on the list of most commonly used single herbs. The results revealed that the preferences for prescriptions for patients with fractures in the Chang Gung Memorial Hospital were similar to other medical facilities.
Molecular mechanisms studies of various herbs for treating fractures or promoting fracture healing are still rare today. The result of TCM formulas or single herbs in this study was based on the TCM theory. It needs more research to know what role dose these drugs play in the mechanism of fracture healing. These formulas and single herbs also provide direction for future research.
Limitations
The samples in this study came from the Chang Gung Research Database which is not a national database. The number of samples is not extensive enough, which may cause a statistical bias. In addition, the date of fracture could not be identified in approximately one-third of the samples in the study. It is unclear whether these excluded cases would affect the statistical results.
Conclusion
In the CGMH, the average number of herb types prescribed for fracture outpatients was 6.47 single herbs and 2.78 formulas. The top three prescriptions given in the early fracture period were Zheng-gu-zi-jin-dang, Shu-jing-huo-xue-tang, and Wu-ling-san as well as other types of blood-quickening stasis-transforming formulas. In the middle fracture period, the top three formulas were Zheng-gu-zi-jin-dang, Shu-jinghuo-xue-tang, and Zhi-bai-di-huang-wan. In the late fracture period, the top three formulas were Shu-jing-huo-xue-tang, Gui-lu-er-xian-jiao, and Du-huo-ji-sheng-tang. The single herbs used in the early fracture period were Yan-hu-suo, Gusui-bu, and Dan-shen. From the middle to late period, the most prescribed single herbs were Xu-duan, Gu-sui-bu, and Yan-hu-suo. This study showed a prescription trend in the CGMH TCM doctors for clinical fracture outpatients. The results showed a utilization pattern that roughly aligned the TCM theories at different fracture periods.
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